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Emissions from ships is a hew factor to take into account for all
shipowning and operating companies_

= Shipping activities contribute significantly to the air pollution all over the
world.

= (Gases that effect climate change include carbon dioxide (CO2), methane
(CH4), and nitrous oxide (N20). Ship engines also produce other air
pollutants such as carbon monoxide (CO), oxides of nitrogen (NOXx), non-
methane volatile organic compounds (NMVOCSs), particulate matter, and
sulphur dioxide (SO2).

= The amount of emissions produced is primarily a function of
— the amount of fuel consumed,
— the characteristics of the fuel,
— the engine technology employed, and

— any post-combustion emission controls in place.

u
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Emission99

= Emission99 is a software program that will estimate emissions a fleet
of vessels generate when it is scheduled on a commercial basis.

Trades and cargoes are specified by load port, discharge port, cargo
intake, freight rate etc

Ships are specified by speed, fuel consumption, dwt, NOX, CO2, SO2 and
other parameters.

Route99 wil first calculate all voyages with days at sea, days in port, cargo
loaded, freight revenue and TC result pr day for each voyage.

Emission99 will then calculate the total amount of fuel consumed and the
total kwh output of engines

Estimate the emissions based on data for the fuel type and the engine
specifications.

If costs for emissions are specified, Emission99 wil take this into
consideration when finding an optimal schedule for the fleet.

= In a study by Marintek from 2000, it is estimated that more effective
scheduling can reduce emissions substantially by upto 40 % and also

contribute to a much higher income on tc basis.
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Route99 is an integrated software program containing the
following modules:

VOYEST99

— A comprehensive voyage estimator that calculates TC equivalent and other
key parameters

POOL99

— Allows a number of calculations of chartering pool arrangements, pool
points, profit for distribution etc

OPTI99

— Is a powerful optimizer that can start with a blank schedule and thereafter
find a schedule allocating cargoes to ships so that the fleet result gives the
best profit but at the same time respecting all constraints

EMISSION99

— |Is a module that can calculate emissions and the costs of emissions in a
commercial framework

VOYACC99

— Is acomplete voyage accounting module that allows recording actual info
such as cargo loaded, time in port etc.




Route99 is an integrated software program containing the
following modules:

= COADIGIT99

— Digitizing of Contracts so that the data for rates, loadports, disch ports,
handling terms, bunker clauses etc can all be read in a digitized form for
further processing, voyage calculations and other processing

= ROLLBUDGET99
— Rolling budget
= TONNAGEBUDGET99

— Processing of loading and discharging plan. Also generating position lists
and synchronizing these with any changes in the tonnagebudget

= EMPLOYMENT99

— Processing and finding optimal employment budgets. Typically for car
carriers, container services, cruise itineraries and other semi-liner/full-liner
operatios where the tool provides a flexible tool to analyse altermive
scehdules and the net impact of these

o
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The first objective: Operators must be able to estimate what
emissions their scheduling produce

= Few shipping companies have had any focus on the emissions or
pollutions that their operation create.

— User can check consistency with MARPOL Annex VI 73/78 standard

= Emission99 will enable operators to estimate the emissions based on
their projected trading.

= By using Emission99 the operators can project what impact new
governmental or national tarifs on emissions will have on their
operation

= Scheduling of ships have traditionally taken into account trivial factors
such as Port costs, canal charges, fuel expenses and handling costs.
Now they will also have to deal with cost of emissions. These costs
will take various forms that will make scheduling a lot more
complicated. This is where Emissions99 will assist.

o
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The scheduling task will get more complicated

Traditional factors to include:
NEW FACTORS to
n“te Port costs i )
Fuel cost IﬂClUde.

Handling costs

Cost of emissions

Task: Find a schedule for the
fleet that maximizes the total TC
result taking into account the
cost of emissions

o
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Emission99 — Steps in typical usage

= Step 1 - Make a commercial fleet schedule (1 to 12 months period)
— Calculating voyage estimates for all cargoes and ships in the fleet
= Step 2 — Calculate the quantity of emissions from such schedule

— Provide management with an estimate of what pollutants the fleet is
generating

= Step 3 — Calculate the cost of emissions

— These can be costs as they are today or future expected costs that will be
imposed on the shipping industry

= Step 4 — Let Emission99 find an "optimal” schedule that maximizes the
fleet’s TC result and minimizes emissions

— Emission99 will enable the operator to find a schedule that will minimize air
emissions and in this way comply with regulations and

o
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Step 1: Calculate vovage estimates for all cargoes and
ships in the fleet

Jan Feb Mar April May

|

35,000 USD/day -180 days

|

Atlantic Leader

40,000 UsD/day -160 days

|

Atlantic Breeze
28,000 USD/day -170 days
Calculations take into account:

Cargo qty, freight rates, port
charges, speed/consumption of

‘ vessels etc
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Tvpical emissions from ships

Fuel based emissions Engine based emissions
(1kwh = 3.6 MJ)
CO2 3 kg / kg fuel
NOX 13 — 16 g/kwh
SO2 0 — 5 % of fuel consumed
CH4 0.001 g/kwh
CO 0.2 — 2.5 g/kwh
PM 0.3 — 12 g/kwh
NMVOC 0.03 g/kwh
(Non Methane Volatile Organic Carbon)
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Emission99: Typical input

Emission data for ships
|

B3 File Tasks Data Textdocument Wiew Analysis window Help

@ SHP BF M0 &m w= B -P0 UE A NP [ SCOOF e & UST PR SRR A PO TA sm 5
Single Ship T Fleet data T Add new vessels T Posgitions T Delete vessel
Ship D ata
Ship: INTREPID Ship: Hordkap Ship: Hordpol & Main description
IMTREFRIC Mardkagp Mardpal .
" Speed / conzumption

IACH Blr: 1WA 1WA Plr: » Dimensens
Engine function: Engine function: Engine function: " Cargo capacity
Engine builder; Engine kbuilder: Engine builder:  Draft / dwit scale
Engine make: Engine make: Baw  Engine make: " Scenario /! Generic
Engine model: Engine model: Engine model: ¢ Costs
Engine type: Engine tvpe: FES0MOC-hAC Engine type: TES0MOC-hC ? '?n!:tztrZS
Engine number: Engine number: Engine numkber: % Ship Emizsions
Engine Total ki 10000 Engine Total kv 93542 Engine Total kKWW 11044
Engine speed: Engine speed: Sl Engine speed: SLChY " Speed/Cons special
Engine =troke: Engine stroke: 2 Engine stroke: 2
Engine RPh: Engine REh: 127 Engine RPM: 127 Hovailability ‘
Fuel calorific value: Fuel calarific walue: 190 Fuel calorific walue: 130 .

. . . Dy docking ‘
Engine category: Engine category: Engine category:
Engine rating % laden: 80  Enging rating % laden: S0 Engine rating % laden: &0 Ship -» Cargao restriction ‘
Engine rating % port: 20 Engine rating %% port: 20 Engine rating % port: 20
Endine rating % mansusvering: Engine rating % mansuvering: 20 Endine rating % mansuvering: 20 Ships ta be taken in on T/C
Engine rating % ballast: Engine rating % ballast: an Endine rating % ballast: an Select ships ‘
Emizsion CO2 (kokg fuel): 3 Emigzion CO2 [kofke fusl): Emizzion CO2 (koikg fusl)
Etniz:sion CO: Emizsion Co: Emmiz:gion CO: Shiow
Emiszion MOX (gl 20 Emizsion NOX (gikwh): 20  Emizsion NOX (o] 20 W
Emi=s=ion PM [gkwh): 10 Emis=ion PM (oikwehl: 1.2 Emizs=ion PM [gfwh): 10
Emis=ion Phi-10; Emiz=ion Phi-10: Emiszion Ph-10: [ Alllnput Scenarios
Emizzion PR-2_5: Etmizzion PM-2_5: Emizs=zion PM-2_5: Frint Prewiew |
Emiz=ion S02 by fuel 3 Emiz=ion S02 by fuel: & Emiz=ion S02 by fuel: 3
Emiz=ion SC02 by engine: Emiz=ion S02 by engine: Emis=ion SC02 by engine:
Emiz=ion %00 [gfkoweh): =1 Emizs=ion O (gfdowehl: E Emiz=ion %00 (kb =1

Record: 4] 4|[ af7 »[m1)rt]4] |
Statusg 11.10.2007 12:23
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llustrative: Atlantic Highway 180 days

Step 2: Emissions99 calculates the amount of emissions

from this schedule

180 days

P = - B

1]an Feb Mar April May June

Atlantic Highway

55,000 dwt bulker
14.5 kn on 40 mt pr day

10,000 kw * 80 %

CH4

o
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WCMED100 EUR/Jap USWC/Japan

Total fuel consumption: 6,000 mt

Total engine output: 30 mill kwh

-

18,000 tons

7 tons

Emissions are calculated based on parameters given
for the shi_p and the fuel, time at sea, time in port,
engine rating for sea versus port etc

Slide 12



What are costs of emissions ?

= S0 far the maritime industry is not paying much for the emissions but
this may soon be changing as more and more governments and

international organizations are in the process of introducing tariffs and
limits for emissions.

= Emission99 will allow the operators to test various assumptions about
the impact of such emission fees:

o
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Cost of purchasing of CO2 quotas for global or regional traffic
Low sulphur fuel in European waters
NOX charges not only in Norwegian waters but extended to more port areas

Introduction of maximum limits for emissions alternatively penalty charges
for emissions while in ports




Emission99: Typical input

Specification of emission costs
| IBE

B3 File Tasks Data Textdocument Wiew Analysis window Help

@ SHP BF M0 &m w= B -P0 UE A NP [ SCOOF e & UST PR SRR A PO Th s 5
General T Deleting records in tables ]
1 Cargo VY arious T Settings T Ship
Costs relate to area:
Applicable - days from shore: General
Frice effective from date: 02,06 2007 i List of &ll Companies
MoK cost pr ton: 200 E: Eﬂ I:nT:ZLJEsZ
MO cost pr ton currency:
CO2 cost pr ton: 0.5
COZ cost prton currency: Lookup Tables
=02 cost prton: 20 " Unitz
S02 cost prton currency: " ‘wieather zone
Fh cost pr ton: 30 " Currency types
P cost pr ton currency: " Currency rates
WOC cost prton; 10 e Emigzion Cost table
OC cost prton currency:
HC Cost pr ton: 5}
HC Cost pr ton currency:
0 Cost pr ton: =
0 Cost pr ton currency:
Maotes:
Created by ERS
Date created: 30.07 2007 16:27:53
Updated by: ERS
Date updated: 21092007 16:41:27

|Query views. Data can be edited

Status 11.10.2007 12:26
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llustrative: Atlantic Highway 180 days

Step 3: Emissions99 calculates the cost (*) of emissions

from thls SChedUIe Total voyage emission
180 days cost: USD 286,000

P = - B

1]an Feb Mar April May June

Atlantic Highway

55,000 dwt bulker
14.5 kn on 40 mt pr day

10,000 kw * 80 %

CH4

o
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WCMED100 EUR/Jap USWC/Japan

Total fuel consumption: 6,000 mt

Total engine output: 30 mill kwh

-

18,000 tons * 10 USD/ton = USD 180,000

7 tons

(*) Cost of emissions is based on cost pr pollutant
as stated by global or local authroities
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Emission99: Typical Voyage estimate

Emission99: Voyage estimates include emissions costs

- = IS Gl

4] 4 113 b ||| S| E|& 7E - Total16  100% 16 of 16
= Single Voyage E
AMANGEL Wi
CHIA MAY
COAL HUMT
GHEMT MAX . R
Mevthern Vayvage details
IRON AHNE SRR Vg .
CCEAN EAC |DCEAN EAGLE I 74,085 Dwt 14.00/14.00 on 36.00 /26.00 + Earning points: 367
TORM CHAF o.oo Fool Pairts:0
Australia to Brazil Coal
44 Days Vg #:2
Trade 1O AU_BRZ_CO T278 UsDdsy whyage start 2h.sep PHU MY
Jab 14 AUST_BRZ Loading =tart G.okt  DALRYMPLE
Laydays 01 07 .07 #1510 07 299 Prdwt month “whyage ended Snow  TUBARAD
Basze Currency: U150
Cargo: 72 333 mt 14 USDimt Gross Rewvenue 1.01z2.862
Intake restricted by: Ship dwt: 72333 Tetal TC Eamings
Cargo terms=: ¥0ays SHINC/MDays SHINC Savings on Extra Bunkers
Ports: NABRTUBRS Bunker Surcharge
Sublet rate: 2z2.00 Broker Commissian 37,875
Address commission
Pool Operator Commission
Days  Days Handling Costs
at in Port ETA ETD Port Expenses 95,000
PHU B Dist Fea Canal Expenzes
DALRYWPLE 3,660 10.49 3.0 G.okt Q.okt harious expenses
TUBARAD 8,883 26 4 4.0 4.nonw .o Fuel Expenses 490 560
Days total 44.3 v 7.0 ‘far gk
2 .a. Sy werhead Cost
Days iyl Emission costs 66,451
Days offhire Demummage
Total tons of HWF 1344 2365 USD Aan TC USDid=y 727
Tatal tons of DO a 0 UsDhaon Budgetted TC pr day
PoolPoint Days (0 ™ 4433
harket value pr day
Comments:
“wihyage profit 322 646
Schedule Scenaro BMNEW Op 15
Sch02 - “yage details Single Cango Calculated 11.10.2007 14:11 03 JERS
11.10.2007 14:11:47 Panmax ! BHEW Op 15 13
£ >
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Emission99: Alternative graphs to present results

= [BE BEE
4 Tof1+ M| e | B|& &= [0z -] Towzz  1o0% 32 of 435
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lllustrative: Emissions99

Step 4: Route99 can calculate an optimal (*) schedule
for the fleet that takes into account emissions costs

Jan Feb Mar April May

|

|
M _ EUR/Australia

Atlantic Leader

|

Atlantic Breeze

(™) The optimal schedule takes into account all the
contractual obligations the operators has along with
expected spot business, but in these calculations,
emission costs are included as part of the voyage

‘ costs
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Illustrative case (*)

Optimal schedule gives: 20% improvement

Manual Schedule as
produced by

Optimal schedule
produced by

u

Chartering Route99
department
Ship days 1,132 1.080
Pro-rated TC result 39.6 mill USD 45.4 mill USD
TC Pr day 35,000 42,000
(*) A fleet of 6 Handy max bulkers scheduled for a
6 months period against a mix of contract
cargoes/spot jobs and TC contracts.
Slide 19
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Ships to be scheduled

EE Routeds - [The Scheduler] =&l x|
B3+ File View Data “oyage Accounting Analysiz Teol: Window Help ]
| scwtvww st =SS Ba |00
Schedule scenario IPIuto Op 4 =l
— Run scheduler
Ships T Jobz and cargoes T Sethings

Atlantic Sailor BURNTISLAND 18.01.2003 01.05.2003 15.08.2003 TC 4000
Bright Fortuna SAINT JOHN 23.01.2003 30.06.2003 15.08.2003 OMWWR

Bright Hope ROTTERDAM 30.01.2003 01.04.2003 01.06.2003 Oy

Cape Jaffa TAKAD 27 12,2002 01.06.2003 07.09.2003 OV 0
Cape MNelsan AALBORG 29.12.2002 01.08.2003 07.09.2003 OV 0
Cape York MOBILE 01.01.2003 01.06.2003 07.09.2003 Oy 0
Federal Commander  [ROTTERDAR 05.02.2003 30.06.2003 15.08.2003 TG 6500
Federal Runner DUBLIM 18.01.2003 30.06.2003 15.08.2003 WY

Find an optirmal
Schedule
[~ Show data check

Check. data
consigtency

Check feasibility of
the input schedule

Run optimizatian with
Biazed schedule

Cancel |

KN 2
— 9 zhips ta be included in the scheduling.
B Show only shipsz zelected
= Own /! ponl ships I j :
far this schedul
(= Long term TC Ships ks ek
(" TC Candidates ITable farm vl
Al ships
Ship Data |
| Status | 02 01,2003 [15:28
Slide 20
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Cargoes to be lifted - details

EE Routed’ - [The Scheduler]

B3 File “iew Data “opage Accounting  Analysis
” S JC LW =twve Hp > =50 gp =

Toolz: Window Help

=mE&E R b

=12l x|
=18l x|

Schedule scenario [Pluto 0p 4 |
— Run gcheduler
Ships T Jobs and cargoes T Settings
= Find an optirmal [
Drag a column header here to group by that column. Schedule
Sel... |Job 1D Trade ID Hame of trade Est. ... |Qua...|Freight Rat... |Opening Layday Closing Layday W] S e el
BE6 AlG ALCOA ltaly/Germany 11 O 01.04.2003 30.06.2003
100 CFwY Cetragpa Francef\West Africa & [ 20.12.2002 30.05.2003 Check data
B0 ARB Argentina/Black sea 12 O |30 10.12.2002 30.06.2003 consistency
52 GEA Grain USG/ARA, g W 158 10.12.2002 30.06.2003 L -
53 GGA Grain USG/ARA 15] O |14.6 10.12.2002 30.06.2003 Pl
B21 CGUK Cabocoal USGUK i m 28 01.03.2003 31.03.2003
B23 CGLK Cabocoal USGK 11 0 (29.4 01.06.2003 30.06.2003 Fiur optirisation with
G20 CGUK Cabocoal USGUK 11 O (28 01.02.2003 26.02 2003 Biased scheduls
105 COBSM Cobelfret Spain/Migeria iZ m 20.12.2002 30.08.2003
a05 ADNE Aalborg Cement Denmivenez 11 O 01.05.2003 30.05.2003
a1 GGEA Grain USGARA 15| O |16.8 10012 2002 30.06 2003
B43 DLD Danpower USEC/Denmark 1 m 135 01.04.2003 30.04.2003
B35 RGLIK Reynolds Guyanaflik i 01.02.2003 15.03.2003
3000 RAE Reynolds Australia/Egypt Bl O 01.01.2003 30.06.2003
7y BRF Blue Circle Rotterdarm/Florida 2l O 07.02.2003 02.05.2003
E70 WG YWeserCoal US/Germany 3| O 20.12.2002 30.05.2003
43 GLIA Grain USMH/ARA, 15 O |11EB 10.12.2002 30.06.2003 = Cancel
— 54 Spot cargoes
% Spot cargoes i TCJobs [~ Only jobs selected for scheduler
 Contract cargoes € Dy dockings ™ Forced or minimum litting jobs
" Quantity contracts  Jobs Mot selected
) ITabIe farrm vl
= Supply jobs
Job and contract data |

| Status
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EE Input Scenario: Panmax - [Visual Schedule] |

Visual Scheduling

| -|B =X
- 8 x

B3 - File Tasks Data Textdocument Yiew Analvsis  Window  Help
= SHP GF e BP0 TE fie NP SC OF &t & DST PR S5 AER Th =1 3¢
Schedule T Set Up T Cargoes T Vesszels
Scenano Heia speed & j |l:0ntrac:t Marne j Ballast Waiting time Fiefresh gant chart P:i“nls creen
Peicd [ [Gohodieotat =] | "o ¢ Inelude & whole Chart
12 voyages ¥ ships B Coadtrades 17 jobs Bk Bl Check New Scheduls %
July August | September October MNMovember -
Ship oy 1 |5. } |1.1. . |1.5. . |2.1. . |2|5| . |3.1.. 5 [0 [15 oo o5 [30 4 9 [i4 |1.9. . |2.4. . |2.9.. 4 |9. } |1.4. . |1|9| . |2.’1. . |2.9.. ‘N |8. N |1.3. . |1.8. . |2|3| }J
AMNAMGEL YER + |ArgentinaIElraziI-> Yalencia |
CHIA, BAAY + Argentina/Brazil -= Valencia
CoAL HUMTER + |ArgentinaIElraziI to Vietham
GHEMT rdsi | + |ArgentinaIElrazil-> Walencia |
IROMN AMME + |Au5tra|ia to Brazil Coal ArgentinarBrazil to Wietnam
DOCEARN EAGLE + sustralia to Brazil Coal Ardentina/Brazil to Vietham
TORM CHARL] + |Tuapset0 .JorfLasfa} Coal ArgentinafBrazil to Vietnam |
Uncovered can + TU_.*F
Opportunity ci +
JE T Jﬂ
Statuz 12102007 0a:45
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DNV and Emission99

Environmental issues are getting more and more attention

Tool for evaluating economic and operational effects of emission

Tool for fleet scheduling from a P&L standpoint

— Optimal schedule

— Tonnage budgeting

Risk management

Proposals:

DNV uses Emission99/Route99 as an internal tool and contribute in further
development with NMS

DNV offers software package to customers for use in technical and
operational departments
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